Abstract -Palladium-catalyzed reactions of a1 l y l i c compounds a r e 'important s y n t h e t i c methods. In order t o enhance t h e i r usefulness, s t u d i e s on regio-and s t e r e o s e l e c t i v i t i e s in the reactions o f a l l y l i c carbonates and 2-vinyloxiranes w i t h various nucleophiles were carried out. I t was f o u n d t h a t the introduction of t r i m e t h y l s i l y l g r o u p t o a l l y l systems showed a profound effect on the regioselectivity.
INTRODUCTION
Pal ladium-catalyzed reactions of various a1 lyl i c compounds have been studied extensively and they are regarded as important synthetic methods. Their usefulness will be greatly expanded i f the reactions have high selectivity. For example, although the attack of nucleophiles on r-allylpalladium system i s k n o w n t o take place a
t the l e s s s u b s t i t u t e d side, no regios e l e c t i v i t y i s observed w i t h a l l y l systems bearing s u b s t i t u e n t s a t the b o t h sides. Also d i f f e r e n t s e l e c t i v i t y i s observed w i t h a -a l l y 1 systems of d i f f e r e n t metals. Thus i t i s important t o control the regiochemistry of the reaction. W e found that the introduction of t r i m e t h y l s i l y l group has a p r o f o u n d e f f e c t on the regiochemistry o f the s u b s t i t u t i o n reactions w i t h various nucleophiles.

REACTIONS OF ALLYLIC CARBONATES A N D 2-VINYLOXIRANES BEARING TRIMETHYLSILYL GROUP W I T H VARIOUS NUCLEOPHILES UNDER NEUTRAL CONDITIONS
The pal ladium-catalyzed s u b s t i t u t i o n reaction of a1 l y l i c compounds via r-allylpalladium complexes with various nuclephiles i s a well-established s y n t h e t i c method, and used extensively i n organic synthesis ( r e f . 1). Nucleophilic substitution of monosubstituted a l l y l i c compounds takes place regioselectively a t unsubstituted side of a l l y l i c system. On the other hand, reaction of a,y-disubstituted a l l y l i c compounds gives a mixture of regioisomers of a -or y -s u b s t i t u t e d products. The r a t i o s depend on s t e r i c s i z e of the substituents, and i t i s d i f f i c u l t t o achieve high regioselectivity. W e found highly regioselective substitution reaction of a l l y l i c compounds substituted with trimethylsilyl (TMS) group a t the y-side t o give vinylsilane derivatives.
Facile synthesis of a-substituted Y-silylated a l l y l i c alcohols i s now possible particularly in o p t i c a l l y a c t i v e forms ( r e f . 2). W e investigated the e f f e c t of the s i l y l group on the palladium-catalyzed substitution reactions a f t e r converting them t o a1 l y l i c carbonates. Palladium-catalyzed reaction of a l l y l a c e t a t e s u b s t i t u t e d by TMS a t a o r y c a r b o n with carbonucleophiles i s known t o give v i n y l s i l a n e d e r i v a t i v e s r e g i o s e l e c t i v e l y as expected (Scheme l ) ( r e f . 3,4). B u t no s t u d i e s on r e g i o s e l e c t i v i t y has been c a r r i e d out with a l l y l e s t e r s s u b s t i t u t e d a t both cc andycarbons. I n t h i s r e a c t i o n , PBu3 and dppe were s u i t a b l e p h o s p h i n e l i g a n d s . When PPh3 was employed, @ -e l i m i n a t i o n o f 7 -a l l y 1 i n t e r m e d i a t e took place t o g i v e a considerable amount o f t h e d i e n e 3 ( r u n 2). A l s o c y c l i c P -k e t o e s t e r s ( r u n s 4,5), c y a n o a c e t a t e ( r u n 61, and n i t r o a c e t a t e ( r u n 7 ) r e a c t e d w i t h l a s i m i l a r l y t o g i v e t h e c o r r e s p o n d i n g v i n y l s i l a n e s i n s a t i s f a c t o r y y i e l d s .
The c a r b o n a t e l b (R=Ph) r e a c t e d w i t h a c e t o a c e t a t e t o a f f o r d t h e v i n y l s i l a n e 5 i n a good y i e l d . But w i t h malonate, a s i m i l a r s u b s t i t u t i o n d i d n o t take place under n e u t r a l condit i o n s and t h e p r o d u c t was t h e d e s i l y l a t e d compound 6 ( r u n 9) ( r e f . 6). B u t when s o d i omalonate i s used, the v i n y l s i l a n e 7 was obtained ( r u n 10).
These r e g i o s e l e c t i v i t i e s cannot be explained by simple comparison o f s t e r i c bulkiness o f t h e substituents. Because when t h e carbonate l b , which has a b u l k y phenyl group was employed,
n u c l e o p h i l e s a t t a c k e d t h e c a r b o n c l o s e t o t h e p h e n y l g r o u p e x c l u s i v e l y . C o n s i d e r i n g t h e completely c o n t r o l l e d r e g i o s e l e c t i v i t y , e l e c t r o n i c f a c t o r s seem t o p l a y an i m p o r t a n t r o l e i n t h e 7 r -a l l y l p a l l a d i u m complex. Thus i n t h e n u c l e o p h i l i c s u b s t i t u t i o n o f l Y 3 -d i s u b s t i t u t e d 7 -a l l y l p a l l a d i u m intermediate, i n t r o d u c t i o n o f t r i m e t h y l s i l y l group apparently r e s u l t e d i n t h e excel l e n t r e g i o s e l e c t i v i t y .
Furthermore, t h e treatment o f the v i n y l s i l a n e 7 w i t h p-toluenesulphonic a c i d i n r e f l u x i n g CH3CN gave t h e d e s i l y l a t e d p r o d u c t 8 i n 8 8 % y i e l d ( r e f . 71, w h i c h i s e q u i v a l e n t t o t h e product obtained from t h e monosubstituted a l l y l i c compound 9 w i t h malonate.
This means t h a t n u c l e o p h i l i c s u b s t i t u t i o n a t more s u b s t i t u t e d s i d e o f % a l l y l p a l l a d i u m i n t e r m e d i a t e can be achieved i n d i r e c t l y by these reactions. 
I t i s w e l l -k n o w n t h a t v e r y h i g h r e g i o s e l e c t i v i t y i s o b s e r v e d i n t h e r e a c t i o n o f 2-v i n y l o x i r a n e s v i a 7 -a l l y l p a l l a d i u m complexes w i t h s o f t c a r b o n u c l e o p h i l e s u n d e r n e u t r a l c o n d i t i o n s t o g i v e 1,4-adducts.
I n o t h e r words, the nucleophiles a t t a c k t h e carbon which i s f a r from t h e hydroxy group ( r e f . 8,9). F o r example, E ( 1 -h e p t e n y l I o x i r a n e (10) r e a c t e d w i t h m e t h y l a c e t o a c e t a t e t o g i v e t h e f o l l o w i n g 1,4-adduct 11 as a major product.
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I n order t o i n v e s t i g a t e the e f f e c t o f TMS group on the r e g i o s e l e c t i v i t y o f t h i s reaction, we c a r r i e d o u t the r e a c t i o n o f 2(2-trimethylsilylvinyl)oxirane (12) 
When monosubstituted a l l y l i c compounds 14 are subjected t o the r e a c t i o n w i t h nucleophiles, u s u a l l y carbonucleophiles a t t a c k the l e s s s u b s t i t u t e d s i d e o f t h e i n t e r m e d i a t e , a -a 1 l y lpalladium complex 15 (path D). S i m i l a r l y , i f hydride a t t a c k s the l e s s s u b s t i t u t e d side, 2-alkenes 17 are formed (path B). 1-Alkenes should be formed by the a t t a c k o f hydride a t the more s u b s t i t u t e d s i d e o f t h e a -a l l y 1 system ( p a t h A). However, h y d r i d e g e n e r a t e d f r o m various sources gives 2-alkenes w i t h 50-95% s e l e c t i v i t y (ref. 11-19).
As we have reported previously, o n l y the hydride generated from formates gave 1-alkenes as a major product i n 80-95% s e l e c t
i v i t y w i t h t h e Pd-PPh3 c a t a l y s t ( r e f . 10). I n o t h e r words, u n l i k e c a r b onucleophiles, the hydride from formate a t t a c k s the more s u b s t i t u t e d side o f the a -a l l y lp a l l a d i u m system. L a t e r we f o u n d t h a t t h e s e l e c t i v i t y depends s t r o n g l y on t h e k i n d o f
phosphine ligands, and 1-alkenes are obtained e x c l u s i v e l y by using PnBu , r a t h e r than PPh3
( r e f . 20) .
Furthermore, we found t h a t HC02H-Et3N i s an e f f i c i e n t reduc?ant, e s p e c i a l l y i n a preparative scale ( r e f . 21,22).
It i s s o l u b l e i n THF a t room temperature. I n addition, the r e a c t i o n w i t h HCO H-Et N rocceds smoothly even a t room temperature i n THF w i t h 5 mol% o f the palladium ~a t a f y s t .~ Ayso s e l e c t i v i t y f o r 1-alkenes i s s a t i s f a c t o r y w i t h HC02H-Et3N.
We prepared various 1-alkenes from t e r m i n a l a l l y 1 i c carbonates and acetates.
Results are shown i n Table 2 . Reactions were c a r r i e d o u t i n 50-200 mmol scales. I n a l l cases, p u r i t y o f P r e p a r a t i o n of 1 -O l e f i n s 
i s t i l l e d p r o d u c t s was c a l c u l a t e d t o be h i g h e r t h a n 98%
by GLC a n a l y s i s . The c o n t e n t s o f t h e by-products, d i e n e s and 2-alkenes, were l e s s t h a n 1-2%. Ketones and e s t e r s a r e n o t reduced under these c o n d i t i o n s ( r u n s 10 and 11). A l l y l i c c a r b o n a t e s w h i c h a r e good precursors o f 7 -a l l y l p a l l a d i u m intermediates gave b e t t e r r e s u l t s than a l l y l i c acetates. For example, g e r a n y l and n e r y l c a r b o n a t e s were c o n v e r t e d t o 18 w i t h 0.05-0.1 mol% o f t h e catalyst. However, corresponding acetates required 0.2 mol% o f the c a t a l y s t t o obtain the same y i e l d (runs 1-51. 
group, and t h e TMS group a g a i n showed an i n t e r e s t i n g e f f e c t . I n other words, the hydride derived from formate shows behavior d i f f e r e n t from t h a t o f carbonucleophi 1 es. 
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We for t h e s y n t h e s i s o f h i g h l y f u n c t i o n a l i z e d o p t i c a l l y a c t i v e compounds, i f e f f i c i e n t c h i r a l i t y t r a n s f e r f r o m C-0 c h i r a l i t y t o C-C by t h e p a l l a d i u m c a t a l y z e d r e a c t i o n s can be achieved. We have r e p o r t e d t h e h i g h l y e f f i c i e n t c h i r a l i t y t r a n s f e r i n t h e p a l l a d i u m catalyzed c y c l i z a t i o n v i a 7 -a l l y l p a l l a d i u m complexes under c e r t a i n conditions, and discussed mechanism o f the racemization (ref. 24) . T r i m e t h y l s i l y l s u b s t i t u t e d a l l y l i c alcohols i n an o p t i c a l l y a c t i v e f o r m i s now e a s i l y a v a i l a b l e ( r e f . 21, and we c a r r i e d o u t t h e s t u d i e s on c h i r a l i t y t r a n s f e r i n the palladium catalyzed r e a c t i o n w i t h carbonucleophiles. The r e a c t i o n o f o p t i c a l l y a c t i v e l b w i t h a c e t o a c e t a t e showed 97% r e t e n t i o n o f t h e c h i r a l i t y when t h e r e a c t i o n was c a r r i e d o u t i n t h e presence o f sodium h y d r i d e . I n t h e absence o f sodium hydride, i t was 64% and racemization took place i n a considerable extent. The extent o f the racemization was d i f f e r e n t depending on the concentration o f the palladium catalyst. The higher concentration tends t o give lower e f f i c i e n c y o f c h i r a l i t y transfer. Thus the same mechanism discussed i n our previous paper can be applied t o t h i s case too. 
